Intestinal epithelial cells (IEC) are constantly exposed to bacterial components, such as LPS, without triggering proinflammatory immune responses. This study demonstrates that chronic exposure of human-derived IEC to LPS induces tolerance to an endogenous inflammatory cytokine (IL-1␤) activated IL-8 response that occurs independently of TLR-4/MD-2 signaling. IL-8 production in response to activation by unrelated TNF-␣ and PMA signaling pathways is also inhibited, indicating a broad-spanning tolerance. Quantitative rtPCR and IL-8 promoter-luciferase assays demonstrate that tolerance is regulated at the transcriptional level and occurs independently of IEC cytodifferentiation. By contrast, LPS does not significantly alter other proinflammatory signaling cascades in IEC that function independently of IL-8 production, e.g., IL-6 secretion and PEEC (Hepoxilin A3)-induced neutrophil transepithelial migration in response to invasive Salmonella typhimurium. Human IEC have therefore developed LPS-induced signaling cascades that promote an IL-8 hyporesponsiveness to proinflammatory cytokines while LPS exposure does not compromise the ability of IEC to mount other proinflammatory immune responses to invasive enteropathogens. (Pediatr Res 59: 89-95, 2006) 
T he gastrointestinal (GI) tract performs several important nutritional and secretory functions in a complex microenvironment where intestinal epithelial cells (IEC) are constantly exposed to commensal bacteria and food antigens on the luminal interface and locally secreted cytokine products on the basolateral domain. As a consequence, IEC have evolved to provide a mechanical barrier function that allows appropriate processing of ingested food components, while tolerating microbial components that may trigger intestinal inflammation. For example, endotoxin or lipopolysaccharide (LPS) is a common glycolipid cell wall component of Gram-negative bacteria and is a potent activator of immune responses in macrophages and monocytes, yet IEC are normally hyporesponsive to extracellular LPS (1) (2) (3) .
A category of pattern-recognition receptors termed Tolllike receptors (TLRs) in mammalian cells provide the necessary signaling pathways that trigger innate proinflammatory immune responses to various bacterial components (4) . Ligand recognition of LPS is principally mediated via TLR-4, which is characterized by extracellular leucine-rich-repeats and a cytoplasmic domain that imparts functional similarity to the IL-1 receptor. LPS-mediated activation of NFB transcriptional activity and proinflammatory cytokine production requires a coordinated interaction of LPS-binding protein, CD14, TLR-4 and secreted MD-2. Diminished TLR-4 expression and a lack of the MD-2 gene product in human IEC are thought to be the primary mechanisms that impart a hyporesponsiveness to extracellular LPS under normal conditions (2, 3) .
In this study, we report that IL-8 production by human IEC is significantly suppressed following an LPS-induced crosstolerance to IL-1␤, TNF-␣ and PMA activation. We additionally demonstrate that this tolerance operates in the absence of a functional TLR-4/MD-2 signaling complex. IL-6 secretion and proinflammatory signaling cascades, triggered by invasive enteropathogens such as Salmonella typhimurium, are not similarly suppressed following LPS exposure of IEC. Thus, commensal gut bacteria may impart a novel form of hyporesponsiveness by IEC to locally-acting cytokines that might otherwise promote IL-8 secretion, intestinal inflammation and cell death.
MATERIALS AND METHODS
Reagents and cell cultures. All reagents were obtained from Sigma Chemical Co. (St. Louis, MO) or GIBCO (Grand Island, NY) unless otherwise stated. Human-derived IEC lines used included: Caco-2, T84, HT-29, H4 and temperature-sensitive fetal human intestinal epithelial cells (tsFHI). Adult colonic adenocarcinoma cell lines (Caco-2, T84 and HT29) were cultured in 96 well tissue culture plates at 37°C in a 5% CO 2 atmosphere in Dulbecco's Modified Eagle Media (DMEM) with 10% heat-inactivated FCS (FCS), 50 U/mL penicillin and 50 g/mL streptomycin. Fetal small intestinal nontransformed IEC (H4 and tsFHI) were cultured as described previously (5) . tsFHI cells are transformed with a temperature sensitive simian virus 40 (SV40) large tumor antigen that allows cells to proliferate at 32°C but differentiate at 37-39°C due to the heat-labile nature of the SV40 T antigen (6) . At 32°C tsFHI cells were cultured in optiMEM I supplemented with 4% FBS, 10 ng/mL EGF, 2 mM glutamine, 2 mM L-alanyl-glutamine (GlutaMAX I) and 10 mM HEPES. Differentiated tsFHI cells were grown at 37°C for 7 d in DMEM supplemented with 7% FCS, 2 mM glutamine, 2 mM GlutaMAX I and 10 mM HEPES. Human monocytic THP-1 cells were cultured in RPMI medium with 10% heat-inactivated FCS. Cell viability was assessed using the terazolium salt 3-[4,5-Dimethylthyazol-2-y]-2,5-diphenyltetrazolium bromide (MTT) cytotoxicity assay.
Commercial LPS was prepared from Escherichia coli 055:B5 or purified protein-free Salmonella minnesota R595 (List Biologic Labs, Campbell, CA). To neutralize the effects of LPS on cells, agarose-bound polymyxin B (40 L/mL) was added to media containing 100 ng/mL LPS (3 h at 4°C) before addition. Neutralizing mouse anti-human TLR2.1 and TLR4 antibodies (20 g/mL) and IgG 2a isotype control were purchased from eBioscience (San Diego, CA). Purified Clostridium difficile toxin A was kindly provided by Dr Charalabos Pothoulakis (Beth Israel Deaconess Medical Center, Boston).
Intracellular cAMP (cAMP) assay. Intracellular cAMP mobilization to 10 ng/mL forskolin stimulation was measured in LPS treated cells using an enzyme-immunoassay as described by the manufacturer (AmershamPharmacia-Biotech, Piscataway, NJ).
Neutrophil transepithelial migration assay. T84 IEC monolayers were seeded on collagen-coated filters for 7 d. To assess the polarity and integrity of the monolayers, transepithelial resistances were measured using a voltometer (EVOM, World Precision Instruments). S. typhimurium SL1344 were added to the apical chamber of T84 IEC monolayers grown on collagencoated filters (incubated in HBSS at a multiplicity of infection ratio of 375:1). After 1 h, nonadherent bacteria were washed away and freshly isolated human polymorphonucleocyte (PMN) (1 ϫ 10 6 ) were added to the basolateral chamber of the inverted monolayers for 2 h as described previously (7) . Transmigration of PMN was assayed by measuring myeloperoxidase (MPO) activity in the apical supernatant. Addition of chemoattractant (1 M nformylmethionyl leucyl phenylalanine, fMLP) to the apical chamber was used as a positive control for PMN transmigration. Negative controls were provided by a noninvasive S. typhimurium W341 strain.
Real-time quantitative PCR (rt-PCR). Total RNA was extracted from frozen tissues, treated with 1 U DNAse I and reverse transcribed (Gene Amp RNA-PCR Kit). Real-time PCR was performed using SYBR Green PCR Master-Mix for 40 cycles on an Opticon II DNA engine (MJ Research, Inc.) (94°C for 2 min; 94°C for 1 min; 60°C for 1min; 72°C for 1min; repeat step 2-to-4 for 40 cycles; 72°C for 10 min). Primer sets for IL-8: Forward 5Ј-GCCGTGGCTCTCTTGGC-3Ј; Reverse 5Ј-GCACTCCTTGGCAA-AACTGC-3Ј and GAPDH: Forward 5Ј-GAGTCAACGGATTTGGTCG-TAT-3Ј; Reverse 5Ј-AGTCTTCTGGGTGGCAGTGAT-3Ј. Quantification of TLR2 (Forward 5Ј-ATGGCCTGTGGTATATGAAAATGA-3Ј; Reverse 5Ј-GGGCCACTCCAGGTAGGTCTT-3Ј), TLR4 (Forward 5Ј-CCTCCCCTG-TACCCTTCTCACTG-3Ј; Reverse 5Ј-ACGGCTACACCATTTTCCAT-TCC-3Ј), DPPIV (Forward 5Ј-GGTCTGCCCCTCTATACTCTACAC-3Ј; Reverse 5Ј-TGGGCCTGCATACACATCTAATA-3Ј) and human glucose-6-phosphate dehydrogenase (Forward 5Ј-CCCGCCCCTCGCTGCTGCTAC-3Ј; Reverse 5Ј-ATGGGCGCCCTCCTCCTTCCTTCT-3Ј) was performed using PCR-generated dsDNA standards produced with the same primers. Reference DNAs were purified on agarose gels and quantified spectrophotometrically. LightCycler Relative Quantification Software was used to normalize data to the standard Glucose-6-phosphate Dehydrogenase mRNA level. Reactions were set up using QuantiTect SYBR Green RT-PCR kit reagents (Qiagen) following the included instructions. Two-to-five samples were run for each total RNA, and each reaction contained 0.5 g total RNA.
Human IL-8 promoter reporter assays and ELISA. IL-8 promoter reporter assays were performed by transient transfection using a firefly luciferase construct containing 1521 bp (1481 to ϩ 40) of the human IL-8 gene as described previously (8) . Briefly, transfection of IEC was accomplished using Lipofectamine 2000 as specified by the manufacturers instructions (Life Technologies, Rockville, M.D.). Cells were grown to 75% confluence and incubated with Lipofectamine 2000 reagent plus an IL-8 promoter-dependent firefly luciferase reporter construct (wild type and mutant constructs for IL-8 promoter sites NFB, C/EBP and AP-1), and a constitutively-expressed Renilla luciferase reporter as an internal control for transfection efficiency. After 40 h, cells were stimulated with 50 ng/mL IL-1␤ for 3 h. Cells were then lysed and the Dual-Luciferase Reporter Assay (Promega) was carried out using a luminometer. Firefly luciferase activity values were normalized to Renilla luminescence, and luminescence ratios normalized to obtain a value of fold-increase in luminescence over control.
IL-8 secretion was measured in tissue culture supernatants by ELISA as described previously, (5) or in IEC cell lysates [100 mM HEPES [pH 7.4], 150 mM NaCl, 2 mM CaCl 2 , 2 mM MgCl 2 , 0.2 mM EDTA, 0.5 mM PMSF, 50 mM NaF, 1 mM NaVO 4 , 0.1% trixton X-100]. Ninety-six-well microtiter plates (Immulon 2HB) were coated overnight with anti-human IL-8 (R&D systems), and then incubated overnight at 4°C with 50 L of cell culture supernatant. After sequential incubations with rabbit anti-human IL-8 (Endogen), horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (Biosource) and TMB substrate, the absorbance was measured at 450 nm using a microplate reader. IL-8 values were normalized to total cellular protein as determined with the Bio-Rad DC Protein assay (Bio-Rad) following the manufacturer's instructions. IL-6 secretion by IEC was measured in cell culture supernatants using a commercial Quantikine human IL-6 kit as recommended by the manufacturer (R & D Systems).
Statistical analysis. Results are presented as mean values Ϯ SEM. Statistical significance was determined using t test or Mann-Whitney U test for Ranks. n ϭ 3 unless otherwise stated; p Ͻ 0.05 was considered statistically significant.
RESULTS

Human IEC are hyporesponsive to extracellular LPS.
Human IEC have been shown to express TLR-4, although some discrepancy exists in the literature as to whether the levels of TLR-4 and MD-2 expression are sufficient to allow human IEC to respond to LPS challenge (1) (2) (3) (15) (16) (17) (18) (19) (20) . We used 5 different human-derived IEC cell lines to examine whether these cells produced IL-8 in response to LPS stimulation. Cells included established transformed adenocarcinoma cell lines (Caco-2, T84 and HT-29), and nontransformed primary human fetal small intestinal IEC (H4 and tsFHI, a conditionally-transformed cell line expressing the temperature-sensitive SV40-large T antigen). tsFHI cells proliferate at 32°C but enter cell-cycle arrest and differentiate when incubated at 37-39°C due to the heat-labile nature of the T-antigen expression. For all cell lines tested, repeated attempts failed to demonstrate a significant IL-8 response to LPS stimulation, even with concentrations up to 100 g LPS/mL ( Figure 1A ). Our findings therefore support the notion that human IEC are hyporesponsive to extracellular LPS (1) (2) (3) 19, 20) .
LPS-mediated tolerance to IL-1␤ signaling in human IEC. We next examined whether LPS, although unable to directly stimulate IL-8 secretion, exerted tolerance to IL-1 receptor-mediated signaling. We demonstrated that all cell lines tested, except HT29 cells, produced IL-8 in response to IL-1␤ activation ( Figure 1B) . To allow for a direct comparison between the different cell lines, IL-8 concentrations were normalized to cell protein content. Protein concentrations were comparable for all wells in each given cell line, ruling out an alteration in overall protein synthesis as an explanation for differences in IL-1␤ stimulation. A notable finding was that the nontransformed fetal-derived H4 and tsFHI cell lines were more responsive to IL-1␤ than the adult transformed cells.
In the human GI tract, IEC are constantly exposed to commensal bacteria and LPS for approximately two days as they migrate out of the segregated crypt microenvironment where the cells proliferate (21) . Consequently, to recapitulate this chronic endotoxin exposure we incubated IEC with varying concentrations of E. coli derived LPS for different times up to 2 d and then examined the effect on IL-1 receptor-90 mediated signaling. A dose-dependent LPS-mediated tolerance to IL-1␤ induced IL-8 production was recorded (although to varying degrees) in all IEC lines tested ( Figure 1C ). Significant inhibition of IL-8 secretion was observed with LPS concentrations as low as 10 ng/mL, with maximal inhibition observed at 100 ng/mL.
To exclude the possibility that contaminants present in the LPS preparation, e.g., lipoteichoic acid (LTA), possibly mediating the tolerance, we demonstrated a similar suppression in IL-1␤ stimulated IL-8 production after IEC were pretreated with a highly purified, protein-free LPS (Fig. 1D) . Additionally, tolerance was ablated by the prior addition of polymyxin B (PB) to neutralize LPS-mediated effects (Fig. 1D) . Preexposure of cells to LPS was a prerequisite step in the induction of tolerance as simultaneous stimulation of IEC with LPS and IL-1␤ did not inhibit IL-8 production (data not shown).
LPS-induced suppression of IL-8 production in human IEC is not due to cell cytotoxicity and is regulated at the transcriptional level. To exclude the possibility that the suppressed IL-8 responses were caused by chronic cytotoxic effects of LPS on IEC, studies were conducted to assess cell viability and other unrelated signaling pathways in these cells. To determine in vitro cytotoxic effects on adherent IEC, the tetrazolium salt 3-[4,5-Dimethylthyazol-2-y]-2,5-diphenyltetrazolium bromide (MTT) viability assay was used to measure mitochondrial dehydrogenase enzyme activity in IEC. MTT assays and measurement of transepithelial electric resistance demonstrated that LPS incubation had no significant effect on IEC viability (Table 1) . We next examined whether LPS exposure of IEC significantly suppressed other unrelated signaling pathways that occur independently of IL-8 production. Intracellular cAMP responses to forskolin (10 ng/mL) were unaffected by chronic LPS exposure (Table 1) .
Quantitative real-time rtPCR analysis of total RNA and use of IL-8 promoter-luciferase reporter gene assays demonstrated that IL-1␤ induced IL-8 gene expression was significantly inhibited following prior exposure of IEC to LPS (Fig. 2A) . This pattern of gene expression correlated well with secreted ( Fig. 1D ) and intracellular levels of IL-8 accumulation (Fig.  2B) , thereby indicating that LPS-mediated tolerance of IL-8 secretion in IEC is primarily regulated at the transcriptional level.
LPS-mediated suppression of IL-8 production is not influenced by IEC cytodifferentiation and is not restricted to IL-1␤ stimulation. A previous study has demonstrated that IL-1␤ stimulated IL-8 production in HT-29 cells is dependent on the cellular differentiation of these IEC (18) . We therefore examined whether LPS-mediated tolerance of IL-1␤ activated Following IEC pretreatment with LPS (100 ng/ml for 48 hr; S. minnesota derived), no significant differences were recorded in cell viability (MTT assay), transepithelial resistance (TER) and intracellular cAMP responses to 10 ng/ml forskolin for 10 min. Significant effects were recorded in IEC treated with Clostridium difficile toxin A (toxA; 40nM) for 48 hours (*p Ͻ 0.01, n ϭ 3).
LPS-INDUCED TOLERANCE IN ENTEROCYTES
IL-8 production in IEC is due to changes in cellular differentiation induced by chronic LPS exposure. Quantitative realtime rtPCR analysis of the gene expression for the differentiation-dependent brush border enzyme dipeptidylpeptidase IV (DPPIV) demonstrated that LPS incubation of IEC did not induce cellular differentiation in IEC (Table 2 ). Therefore, LPS-mediated tolerance does not appear to occur as a consequence of cellular differentiation. This is supported further by the observation that H4 cells fail to differentiate when cultured on plastic (unpublished findings).
We next examined whether LPS-mediated tolerance was restricted to IL-1␤ activation of IEC, as has been suggested for IL-6 production in murine m-IC cl2 cells (14) . By contrast, IL-8 secretion following TNF-␣ (Fig. 3A) and PMA (Fig. 3B ) stimulation of IEC was also significantly suppressed after preincubating cells with 100 ng/mL LPS for 48 h. LPSmediated tolerance is therefore not only restricted to IL-1␤ stimulation of human IEC but it also suppresses TNF-␣ and PMA-induced IL-8 production.
LPS-induced tolerance is not mediated via the TLR-4/ MD-2 signaling complex. We next examined whether LPS activated tolerance of IL-8 secretion in IEC is mediated via the TLR-4/MD-2 signaling complex pathway. Quantitative realtime PCR analysis of total RNA isolated from the human IEC cell lines demonstrated low transcript levels of TLR2 and TLR4 receptor expression in Caco-2 (Table 2 ) and tsFHI cells (data not shown), compared with LPS-responsive THP-1 cells (Table 2 ). H4 cells displayed no significant quantities of TLR-2 or TLR-4 receptor expression by quantitative rtPCR (Table 2) , or by western-blot analysis/immunofluorescence (data not shown). In addition, using rtPCR analysis we failed to demonstrate MD-2 expression in any of the IEC cell lines tested (data not shown), which is in agreement with previous work describing an aberrant TLR-4/MD-2 function in human IEC (2, 3) .
To further examine whether the induction of LPS-mediated tolerance in IEC involved alterations in the signaling pathway of NFB activation, H4 cells were treated with or without LPS and then exposed to IL-1␤. Immunoblot analysis showed that LPS-pretreatment resulted in a decrease in IB␣ degradation (Fig. 4A) . By contrast, all of the IEC cell lines (expect HT29 cells) were highly responsive to IL-1␤ activation ( Fig. 1 and Median values of gene transcript numbers for the IEC cytodifferentiation marker DPPIV, and TLR-2 and TLR-4 from 0.5 g total RNA using PCR-generated reference DNA's. LightCycler Relative Quantification Software was used to normalize data to the same Glucose-6-phosphate Dehydrogenase (G6PD) mRNA level. In H4 cells, expression of DPPIV, TLR-2 and TLR-4 was below 1 copy/0.5 g total RNA, whereas G6PD copies for control and LPS treated cells were 12 570 and 18 220, respectively. 92 onstrated that these receptors were not involved in the initiation of tolerance ( Figure 4B) .
LPS-mediated tolerance is specific to IL-8 secretion in human IEC as it does not significantly alter other proinflammatory pathways. We next examined whether other unrelated proinflammatory pathways in human IEC were also significantly suppressed by chronic LPS exposure. These studies demonstrated that IL-6 secretion (Fig. 5A) , and pathogenelicited epithelial chemosattractant (PEEC, the eicosanoid hepoxilin A3)-mediated transepithelial migration of human PMN following bacterial invasion of IEC (22) (Fig. 5B) were unaltered. In the latter experiment, confluent T84 cells exposed to 100 ng/mL LPS for 48 h demonstrated no significant difference in their ability to recruit PMN following exposure to invasive Salmonella typhimurium SL1344 (7). Chronic exposure of IEC to LPS therefore appears to specifically suppress IL-8 responses to pro-inflammatory stimuli while distinct pro-inflammatory responses unrelated to IL-8 signaling remain intact.
DISCUSSION
LPS-mediated tolerance is a well-established phenomenon that has been described in a number of different experimental systems (9 -14) . Recent studies have demonstrated the induction of cross-tolerance in macrophages by ligands using different TLR's, (23) (24) (25) and by over-expression of TLR's in Chinese hamster ovary cells (26) . This tolerance is not limited to TLR-4 agonists, but also affects signaling pathways associated with ligands of other TLR family members. For example, preexposure of macrophages to LPS confers a subsequent hyporesponsiveness to repeat endotoxin challenge, as well as inducing a cross-tolerance to other bacterial components, such as lipoteichoic acid (LTA) (9 -12) . Similarly, LTA induces a cross-tolerance to a subsequent LPS challenge indicating that distinct TLR-2 and TLR-4 receptor pathways may be indirectly suppressed, possibly by modulating IL-1 receptorassociated kinase activity (13) . LPS-induced tolerance to LPS re-exposure has also been demonstrated in the murine m-IC cl2 IEC cell line, and most likely also operates via an LPS-TLR4 mediated signaling pathway (14) . Because the TLR-4 and IL-1 receptor contain shared cytoplasmic downstream signaling constituents, a tolerance to IL-1␤ activation was also observed in this cell line. More recently, Otte et al. (27) have shown cross tolerance to LPS and LTA in other intestinal cell lines (Colo 205, SW480, T84) mediated via TLR-4 and TLR-2 receptors respectively. In these studies they also showed a partial cross-tolerance to IL-1␤ but no effect on TNF-␣ activity. Of importance in all cases, cross-tolerance appears to be mediated via a functionally active TLR-family member complex and this may significantly inhibit the secretion of several pro-inflammatory cytokines such as TNF␣, IL-6 and IL-8.
IL-8 is known to play a central role in the initiation and maintenance of intestinal inflammatory and immune responses. The proinflammatory cytokine-induced IL-8 production requires activation of various kinases, which leads to IB␣ degradation and NFB activation. The present work demonstrates a broad-spanning LPS-induced tolerance in human IEC that specifically diminishes IL-8 secretion in response to agonists such as IL-1␤, TNF␣ and PMA. This tolerance is caused by a down-regulation of IL-8 gene expression in IEC exposed to LPS and does not appear to involve substantial posttranscriptional regulation such as aberrant secretion and intracellular degradation of this chemokine.
Contrary to macrophages, LPS-induced tolerance of IL-8 secretion in human IEC does not appear to be mediated via the TLR-4/MD-2 signaling complex as little or no functional TLR-4 and MD-2 is expressed in human IEC. Novel LPSmediated signaling pathways imparted by commensal gut flora may therefore exist in human IEC that protects intestinal barrier-function from locally secreted IL-8 (28) . Distinct signaling pathways not associated with TLR-4 activation may therefore be involved in the induction of LPS-mediated IL-8 tolerance in human IEC. It is conceivable that LPS activates alternative extracellular receptor signaling pathways in IEC that function independently of TLR-4/MD-2 activation. For example, CFTR has recently been shown to act as a LPS pattern recognition molecule that activates NFB translocation in human epithelial cells (29) . Another example includes TLR-independent activation of G-protein coupled plateletactivating factor receptor in epithelial cells by LTA (30) . Nuclear NFB translocation is subsequently activated via disintegrin and metalloproteinase (ADAM10) cleavage of proheparin binding epidermal growth factor and trans-activation of the epidermal growth factor receptor. Further work is required to establish whether this tolerance is established via a distinct extracellular receptor, or whether internalized LPS may suppress IL-8 responses via activation of intracellular NOD pathways (31) .
Several mechanisms have been implicated in the induction of LPS-mediated tolerance. These include diminished surface receptor expression or an increased engagement of the TLR-4/MD-2 signaling complex, and diminished expression of downstream signaling mediators such as IRAK-1, IB␣, IB␤, IB⑀, IB, c-jun N-terminal kinase activity (9 -14,23-27) . Immunoblot analysis form our study indicates that LPSpretreatment induces a decrease in the degradation of IB␣, leading to the alteration in NFB activation, contributing to the observed LPS-induced tolerance of IL-8 response.
It has also been shown that cellular differentiation influences the cytokine responsiveness of human IEC (18) . Cytodifferentiation of HT29 cells inhibits IL-1␤-mediated NFB activation and IL-8 gene expression by impairing IB kinase and c-Jun N-terminal kinase activities in differentiated methotrexate-treated cells (18) . A similar suppression was not observed for TNF-␣ and PMA activated cells, indicating that IL-1␤ signaling alone was altered by cellular differentiation. These findings do not explain the suppression of IL-1␤ signaling described herein as the tolerance was also recorded following observed TNF-␣ and PMA stimulation. This broadspanning tolerance effectively excludes the possibility that chronic LPS exposure of IEC down-regulates specific extracellular receptors (e.g., IL-1 receptor) or intracellular signaling mediators (e.g., IRAK-1) that are common to all the activation pathways. Quantitative real-time rtPCR analysis of the DPPIV gene expression demonstrated that LPS incubation of IEC did not induce cellular differentiation in IEC, excluding cellular differentiation as a mechanism for this tolerance.
In summary, our study demonstrates that exposure of human-derived IEC to LPS results in the induction of a broadspanning tolerance to IL-1␤, TNF-␣ and PMA activated IL-8 response. However, LPS exposure does not alter other proinflammatory signaling cascades in IEC, such as IL-6 secretion and hepoxilin A3-induced neutrophil transepithelial migration in response to invasive bacterial pathogen, such as Salmonella typhimurium (22) . These results, therefore, suggest that human intestinal commensal bacteria may impart a novel form of hyporesponsiveness by IEC to locally-acting cytokines that might otherwise promote IL-8 secretion, intestinal inflammation and cell death.
